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DESCRIPTION 



POWER SOURCE APPARATUS 



Technical Field 



The present invention relates to a power source apparatus, and particularly, relates to a 
DC-DC converter. 



There is known a power source apparatus which performs DC-DC (direct current-direct 
current) conversion, and has a normal mode and a standby mode. Such a power source 
apparatus outputs a lower voltage when in the standby mode than in the normal mode. 

FIG. 8 is a diagram showing an example of a conventional structure of such a power 
source apparatus. FIGS. 9 (a) to (d) are time charts for explaining the operation of the 
power source apparatus shown in FIG. 8. 

In the normal mode, that is, when a standby signal SB is not supplied from outside, the 
base of a transistor 16 of the power source apparatus shown in FIG. 8 is set at a low level 
(hereinafter referred to as "L"). In the normal mode, when an input voltage Vin is applied 
between input terminals INI and IN2, a capacitor 3 is charged via a starting resistor 1. The 
speed at which the capacitor 3 is charged depends upon a time constant which is determined 
by the resistance value of the starting resistor 1 and the capacitance of the capacitor 3. 

When charging of the capacitor 3 goes on, and as shown in FIG. 9(a), the voltage of a 
connection point (node Nl) of the capacitor 3 and the starting resistor 1 reaches VcCon, a 
starting circuit 6 supplies electricity stored in the capacitor 3 to an oscillation circuit 7 (FIG. 
9(b)). When supplied with electricity, the oscillation circuit 7 drives the gate of an NMOS 4 
by voltage, to turn on/off the NMOS 4. 

The NMOS 4 flows a current through a primary winding 2a of a transformer 2 when it 
is turned on, and cuts off the current flowing through the primary winding 2a when it is 
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turned off. As a result, an AC (alternating current) voltage is caused in a secondary winding 
2b of the transformer 2. A diode 9 rectifies the voltage caused in the secondary winding 2b 
of the transformer 2. A capacitor 10 smoothes the rectified voltage, and generates a DC 
output voltage Vout to be supplied to a load. 

Resistors 1 1 and 12 generate a voltage proportional to the DC output voltage Vout at 
the connection point of them. An error amplifier 13 flows a current corresponding to 
voltage obtained by amplifying a difference between this voltage and a predetermined 
reference voltage through a resistor IS and a light emitting element 14. As a result, the light 
emitting element 14 emits light. When the light emitting element 14 emits light, a current 
representing the value of the DC output voltage Vout flows through a light receiving element 
8. 

The oscillation circuit 7 determines timings (specifically, frequencies or duty ratio, for 
example) at which the NMOS 4 is turned on and off in accordance with the amount of the 
current flowing through the light receiving element 8, and turns on and off the NMOS 4 at 
the determined timings. By this operation, the oscillation circuit 7 controls the DC output 
voltage Vout to be a constant value Vouti shown in FIG. 9(c). 

The voltage of the node Nl lowers by turning on the NMOS 4. On the other hand, a 
voltage Vccoff is preset as a minimum value to be reached by the voltage of the node Nl as a 
result of the starting circuit 6's supplying electricity to the oscillation circuit 7. When the 
voltage of the node Nl lowers below Vccofr, the oscillation circuit does not operate. 
Therefore, in the normal mode, the voltage of the node Nl, i.e., the voltage to be supplied to 
the starting circuit 6 does not lower below the voltage Vccofr. In the normal mode, since the 
voltage of the node Nl exceeds Vccofr, the oscillation circuit 7 does not stop, and the DC 
output voltage Vout is controlled to be stabilized at a desired value. The voltages VcCon and 
VcCofT are set so that the difference between them may be sufficiently large, in order to 
control the power source apparatus shown in FIG. 8 to operate stably. 



A tertiary winding 2c of the transformer 2 causes an inductive voltage when a voltage 
is applied to the primary winding 2a intermittently. As a result of this inductive voltage 
being caused, a current flows through the node Nl via a diode S, and the capacitor 3 is 
charged. 

As shown in FIG. 9(d), when a standby signal SB of a high level (hereinafter referred 
to as "H") is supplied to the base of the transistor 16, the power source apparatus shown in 
FIG. 8 becomes the standby mode. In the standby mode, the transistor 16 is turned on. 
When the transistor 16 is turned on, a Zener diode 17 reaches breakdown, and the voltage of 
an output terminal of the error amplifier 13 becomes a voltage almost equal to the 
breakdown voltage of the Zener diode 17. The light emitting element 14 emits light having 
an intensity representing the breakdown voltage. The light receiving element 8 receives 
light from the light emitting element 14, and flows a current having an intensity 
corresponding to the intensity of the received light. When the oscillation circuit 7 detects 
the current flowed by the light receiving element 8, it turns off the NMOS 4 so that a time 
period during which the NMOS 4 stays on in a unit time period becomes shorter than in the 
normal mode, for example. As a result, the amount of the current flowing through the 
primary winding 2a becomes smaller, and the DC output voltage Vout lowers. 

In the standby mode, the amount of the current to flow from the tertiary winding 2c to 
the capacitor 3 also becomes smaller. Therefore, while the NMOS 4 is tumed on and off 
repeatedly, the voltage of the node Nl lowers below Vccofr, power supply to tfie oscillation 
circuit 7 is stopped, and the oscillation circuit 7 stops operating. Afterwards, when the 
starting resistor 1 charges the capacitor 3 and the voltage of the node Nl reaches VcCon again, 
the starting circuit 6 resumes power supply to the oscillation circuit 7, and the oscillation 
circuit 7 resumes turning on/off the NMOS 4. 

As explained above, according to the power source apparatus shown in FIG. 8, in the 
standby mode, the DC output voltage Vout lowers below the value at which it is stabilized in 



the normal mode. As a result, the voltage of the node Nl lowers below Vccom and the 
oscillation circuit 7 operates intermittently. Thus, power consumption can be reduced. 

However, according to the conventional power source apparatus shown in FIG. 8, in 
the standby mode, a time period required for the voltage of the node Nl to once lower to 
5 Vccofr and to rise again to Vccon is long. Therefore, in the standby mode, the range of 
fluctuation of the DC output voltage Vout to be supplied to the load is large. 

Disclosure of Invention 
The object of the present invention is to provide a power source apparatus which 
10 supplies a less fluctuant DC voltage to a load, even in a standby mode. 

To achieve the above object, a power source apparatus comprises: a conversion circuit 
(40, 60, 34, 32, 91, 100, 80) which performs conversion of an input voltage into an output 
voltage different from the input voltage; and a driving power source (33) which is charged 
with the input voltage to drive the conversion circuit (40, 60, 34, 32, 91, 100, 80), wherein: 
15 in a case where a standby signal is not supplied from outside, the conversion circuit (40, 

60, 34, 32, 91, 100, 80) performs the conversion so that the output voltage may be stabilized 
at a predetermined first value; 

in a case where the standby signal is supplied from outside, the conversion circuit (40, 
60, 34, 32, 91, 100, 80) performs the conversion so that the output voltage may be stabilized 
20 at equal to or lower than a predetermined second value which is lower than the 

predetermined first value, by controlling the output voltage to rise when a voltage of the 
driving power source (33) rises to a first charging voltage, and by controlling the output 
voltage to lower when the voltage of the driving power source (33) lowers to a second 
charging voltage; and 

25 a difference between the first and second charging voltages in the case where the 

standby signal is supplied is smaller than a difference between the first and second charging 
voltages in a case where the standby signal is not supplied. 



5 

According to this power source apparatus, the cycle by which the conversion circuit 
operates intermittently in a state where a standby signal is supplied is short, and fluctuation 
of the output voltage can be reduced. 

The conversion circuit (40, 60, 34, 32, 91, 100, 80) may include: 
5 a transformer (32a, 32b) which has a primary winding and a secondary winding which 

are inductively coupled to each other; 

a switching circuit (40, 60, 34, 80) which applies the input voltage to the primary 
winding intermittently; 

a rectifier circuit (91) which rectifies a voltage which is induced in tiie secondary 
10 winding; and 

a detection circuit (100) which detects that the standby signal is supplied. 

In this case, the switching circuit (40, 60, 34, 80) may determine whether or not the 
detection circuit (100) detects the standby signal. 

In a case where determining that the standby signal is not detected, the switching 
1 5 circuit (40, 60, 34, 80) may set timings of intermittence of the input voltage so that the 
output voltage may be stabilized at the predetermined first value. 

And in a case where determining that the standby signal is detected, the switching 
circuit (40, 60, 34, 80) may stabilize the output voltage at equal to or lower than the 
predetermined second value, by starting applying the input voltage intermittently when the 
20 voltage of the driving power source (33) rises to the first charging voltage, and by stopping 
applying the input voltage when the voltage of the driving power source (33) lowers to the 
second charging voltage. 

In this case, the power source apparatus may further comprise: a tertiary winding (32c) 
which is inductively coupled to tiie primary winding; and an auxiliary rectifier circuit (35) 
25 which rectifies a voltage induced in the tertiary winding (32c), and the driving power source 
(33) may also be charged with a voltage obtained by rectification by the auxiliary rectifier 
circuit (35). 
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The conversion circuit (40, 60, 34, 32, 91, 100, 80) may include: 
a coil (111); 

a switching circuit (40, 60, 34, 80) which applies the input voltage to the coil (111) 
intermittently; 

5 a rectifier circuit (91) which rectifies a voltage induced in the coil (111); and 

a detection circuit (100) which detects that the standby signal is supplied. 
In this case, the switching circuit (40, 60, 34, 80) may determine whether or not the 
detection circuit (100) detects the standby signal. 

In a case where determining that the standby signal is not detected, the switching 
10 circuit (40, 60, 34, 80) may set timings of intermittence of the input voltage so that the 
output voltage may be stabilized at the predetermined first value. 

And in a case where determining that the standby signal is detected, the switching 
circuit (40, 60, 34, 80) may stabilize the output voltage at equal to or lower than the 
predetermined second value, by starting applying the input voltage intermittently when the 
15 . voltage of the driving power source (33) rises to the first charging voltage, and by stopping 
applying the input voltage when the voltage of the driving power source (33) lowers to the 
second charging voltage. 

The power source apparatus may further comprise: an auxiliary coil (112) which is 
inductively coupled to the coil (111); and an auxiliary rectifier circuit (113) which rectifies a 
20 voltage induced in the auxiliary coil (1 12), and the driving power source (33) may also be 
charged with a voltage obtained by rectification by the auxiliary rectifier circuit (113). 

The conversion circuit (40, 60, 34, 32, 91, 100, 80) may further include a feedback 
circuit (104, 105) which generates a feedback signal representing the output voltage. 

In this case, the switching circuit (40, 60, 34, 80) may set timings of intemiittence of 
25 the input voltage so that the output voltage may be stabilized at the predetermined first value, 
based on the feedback signal, in a case where it determines that the detection circuit (100) 
does not detect the standby signal. 



The detection circuit (100) may control the feedback circuit (104, 105) so that a value 
represented by the feedback signal may be a predetermined value, in response to that the 
standby signal is supplied. 

In this case, the switching circuit (40, 60, 34, 80) may determine whether or not the 
detection circuit (100) detects the standby signal, based on the value represented by the 
feedback signal. 

In a case where the detection circuit (100) detects that the standby signal is supplied, 
said switching circuit (40, 60, 34, 80) may set timings of intermittence of the input voltage 
based on the value represented by the feedback signal so that the output voltage may be 
stabilized at equal to or lower than the predetermined second value, by starting intermittent 
application of the input voltage when the voltage of said driving power source (33) rises to 
the first charging voltage, and by stopping the application of the input voltage when the 
voltage of said driving power source (33) lowers to flie second charging voltage. 

The second charging voltage in the case where the standby signal is supplied and the 
second charging voltage in the case where the standby signal is not supplied may be 
substantially equal to each other. 

Brief Description of Drawings 
These objects and other objects and advantages of the present invention will become 
more apparent upon reading of the following detailed description and the accompanying 
drawings in which: 

FIG. 1 is a diagram showing a structure of a direct current power source apparatus 
according to a first embodiment of the present invention; 

FIG. 2 is a diagram showing an example of a structure of a starting circuit shown in 
FIG. 1; 

FIG. 3 is a diagram showing an example of a structure of an oscillation circuit shown 
in FIG. 1; 
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FIGS. 4 (a) to (c) are waveform charts for explaining an operation of the starting circuit 
shown in FIG. 2; 

FIGS. 5 (a) to (g) are waveform charts for explaining an operation of the oscillation 
circuit shown in FIG. 3; 

FIGS. 6 (a) to (d) are waveform charts showing changes of a direct current output 

voltage; 

FIG. 7 is a diagram showing a structure of a direct current power source apparatus 
according to a second embodiment of the present invention; 

FIG. 8 is a diagram showing an example of a structure of a conventional direct current 
power source apparatus; and 

FIGS. 9 (a) to (d) are time charts showing an operation of FIG. 8. 

Best mode for Carrying Out the Invention 
First Embodiment 

FIG. 1 is a diagram showing the structure of a direct current (DC) power source 
apparatus according to a first embodiment of the present invention. This DC power source 
apparatus is one that can be switched between a normal mode and a standby mode. This 
DC power source apparatus comprises a starting resistor 31, a transformer 32, a capacitor 33, 
a starting circuit 40, an oscillation circuit 60, a determination circuit 80, an output circuit 91, 
and a detection circuit 100. 

One end of the starting resistor 31 and one end of a primary winding 32a included in 
the transformer 32 are connected to an input terminal INI of this DC power source apparatus. 
The other end of the starting resistor 31 is connected to one electrode of the capacitor 33. 
The other electrode of the capacitor 33 is connected to an input terminal IN2. The input 
terminal INI and the input terminal IN2 are connected to a power source (not shown). This 
power source supplies a ground voltage GND to the input terminal IN2, and supplies a 



power source voltage to the input terminal INI. The starting resistor 31 provides the 
capacitor 33 with a charging current supplied from this power source. 

The transformer 32 includes the primary winding 32a, a secondary winding 32b, and a 
tertiary winding 32c which are inductively coupled to one another. The other end of the 
primary winding 32a is connected to the drain of an N-channel MOS (Metal-Oxide-Silicon) 
type field effect transistor (hereinafter, referred to as NMOS) 34. The source of the NMOS 
34 is connected to the input terminal IN2. One end of the tertiary winding 32c is connected 
to a connection point (node Nl) of the capacitor 33 and the starting resistor 31 via a diode 35. 
The other end of the tertiary winding 32c is connected to the input terminal IN2. The 
tertiary winding 32c serves as an auxiliary coil which generates an electric current, and the 
diode 35 rectifies the electric current generated by the tertiary winding 32c and charges the 
capacitor 33 with this rectified current. 

The starting circuit 40 is coimected to the node Nl, the oscillation circuit 60 is 
connected to the starting circuit 40, and a gate of the NMOS 34 is coimected to the 
oscillation circuit 60. The oscillation circuit 60 starts operating when supplied with 
electricity, and controls the level of a DC output voltage by switching on or off the NMOS 
34. The starting circuit 40 is a circuit which supplies electricity to the oscillation circuit 60. 
The determination circuit 80 is further connected to the node Nl. The determination circuit 
80 is a circuit which determines whether or not a later-described feedback signal FB 
indicates that a later-described standby signal SB has been supplied, and transmits the 
determination result to the starting circuit 40. 

FIG. 2 is a diagram showing an example of the structure of the starting circuit 40 
shown in FIG. 1. The starting circuit 40 shown in FIG. 2 comprises three comparators 41, 
42, and 43, three power sources 44, 45, and 46, an AND gate 47, an OR gate 48, a reset-set 
flip-flop (hereinafter referred to as RS-FF) 49, a resistor 50, an NPN type transistor 51, and 
diodes 52 and 53. 
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A noninveiting input terminal (+) of the comparator 41 is connected to the node Nl, 
and an inverting input terminal (-) of the comparator 41 is connected to the power source 44 
which generates a reference voltage Vcconi. The comparator 41 outputs a high level voltage 
(hereinafter referred to as "IT') when the voltage of the node Nl is equal to or higher than 
5 the reference voltage VcConi, and outputs a low level voltage (hereinafter referred to as "L") 
when the voltage of the node Nl is lower than the reference voltage VcConi- 

A noninverting input terminal (+) of the comparator 42 is connected to the power 
source 45 which generates a reference voltage Vccom and an inverting input terminal (-) of 
the comparator 42 is connected to the connection terminal Nl. The comparator 42 outputs 
10 "H" when the voltage of the node Nl is equal to or lower than the reference voltage Vccoff, 
and outputs "L" when the voltage of the node Nl is over the reference voltage VcCoff. 

A noninverting input terminal (+) of the comparator 43 is connected to the node Nl, 
and an inverting input terminal (-) of the comparator 43 is connected to the power source 46 
which generates a reference voltage Vccoii2. The comparator 43 outputs "H" when the 
15 voltage of the node Nl is equal to or higher than the reference voltage Vccon2, and outputs 
"L" when the voltage of the node Nl is lower than the reference voltage VcCon2. The 
reference voltage VcCon2 is a voltage higher than the reference voltage Vccoff and lower than 
the reference voltage Vcconi- 

An output terminal of the comparator 43 is connected to one input terminal of the 
20 two-input AND gate 47. The other input terminal of the AND gate 47 is supplied with a 
determination result from the determination circuit 80. An output terminal of the 
comparator 41 is connected to one input terminal of the two-input OR gate 48, and an output 
terminal of the AND gate 47 is connected to the other input terminal of the OR gate 48. 

An output terminal of the OR gate 48 is connected to a set terminal (S) of the RS-FF 49. 
25 An output terminal of the comparator 42 is connected to a reset terminal (R) of the RS-FF 
49. 
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Further, one end of the resistor 50 and a collector of the NPN type transistor 51 are 
connected to the node Nl . The other end of the resistor 50 is connected to a base of the 
transistor 51, a cathode of the Zener diode 52, and an anode of the diode 53. 

An anode of the Zener diode 52 is grounded, and a cathode of the diode 53 is 
5 connected to an output terminal (Q) of the RS-FF 49. An emitter of the transistor 51 
constitutes an output terminal of the starting circuit 40. When the RS-FF 49 outputs "H", 
the emitter of the transistor 51 suppUes electricity to the oscillation circuit 60, and when the 
RS-FF 49 outputs "L", it stops supplying electricity to the oscillation circuit 60. 

FIG. 3 is a diagram showing an example of the structure of the oscillation circuit 60 
10 shown in FIG. 1. The oscillation circuit 60 shown in FIG. 3 comprises a constant current 
source 61 whose input terminal is connected to the output terminal of the starting circuit 40, 
a resistor 62 whose one end is connected to the output terminal of the starting circuit 40, two 
PNP type transistors 63 and 64 whose emitters are connected to the output terminal of the 
starting circuit 40, capacitors 65 and 69, a diode 66, resistors 67 and 70, an NPN type 
15 transistor 68, comparators 71 and 72, and a RS-FF 73. 

An output terminal of the constant current source 61 is connected to one electrode of 
the capacitor 65, and the other electrode of the capacitor 65 is connected to the ground GND. 
An anode of the diode 66 is connected to a connection point (node N2) of the one electrode 
of the capacitor 65 and the constant current source 61, and a cathode of the diode 66 is 
20 connected to a base of the NPN type transistor 68 via the resistor 67. A collector of the 
transistor 68 is connected to a collector of the transistor 63 and to one electrode of the 
capacitor 69. An emitter of the transistor 68 and the other electrode of the capacitor 69 are 
connected to the ground GND. 

One end of the resistor 70 is connected to the other end of the resistor 62, and the other 
25 end of the resistor 70 is connected to the ground GND. A connection point (node N3) of the 
collector 63, the collector of the transistor 68, and the one electrode of the capacitor 69 is 
connected to a noninverting input terminal (+) of the comparator 71. A connection point 
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(node N4) of the resistor 62 and the resistor 70 is connected to inverting input terminals (-) 
of the comparators 71 and 72. A nonin verting input terminal (+) of the comparartor 72 is 
connected to the node N2. A voltage VI generated by the resistors 62 and 70 is input to the 
inverting input terminals (-) of the comparators 71 and 72. 
5 An output terminal of the comparator 71 is connected to a set terminal (S) of the RS-FF 

73, and an output terminal of the comparator 72 is connected to the reset terminal (R) of the 
RS-FF 73. 

A positive phase output terminal (Q) of the RS-FF 73 is connected to the cathode of the 
diode 66. A negative phase output terminal (Q) of the RS-FF 73 is connected to a gate of 
10 the NMOS 34. A base of the transistor 63 is connected to a base and collector of the 
transistor 64. The collector of the transistor 64 is connected to the determination circuit 80. 

As shown in FIG. 1, the determination circuit 80 comprises a regulator 81 whose input 
terminal is connected to the node Nl, three PNP type transistors 82, 83, and 84, a light 
receiving element 85 constituted by a photo transistor or the like, NPN type transistors 86 
15 and 87, a constant current source 88, a comparator 89, and a power source 90. 

Emitters of the three PNP type transistors 82, 83, and 84 are connected to an output 
terminal of the regulator 81. A collector of the transistor 82 is connected to bases of the 
transistors 82 to 84, and is also connected to one end of the light receiving element 85. The 
other end of the light receiving element 85 is connected to the input terminal IN2. 
20 A collector of the transistor 83 is connected to a collector and base of the NPN type 

transistor 86, and to a base of the NPN type transistor 87. Emitters of the transistors 86 and 

87 are connected to the input terminal IN2. A collector of the transistor 87 is connected to 
the collector of the transistor 64 in the oscillation circuit 60. A collector of the transistor 84 
is connected to an input terminal of the constant current source 88, and an output terminal of 

25 the constant current source 88 is connected to the input terminal IN2. 

A connection point of the collector of the transistor 84 and the constant current source 

88 is connected to a noninverting input terminal (+) of the comparator 89. An inverting 
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input terminal (-) of the comparator 89 is connected to the power source 90 which generates 

a reference voltage by which which of the standby mode and the normal mode is set is 

determined. An output terminal of the comparator 89 is connected to the other input 

terminal of the AND gate 47 in the starting circuit 40. 
5 The output circuit 91 and the detection circuit 100 are connected to the secondary 

winding 32b of the transformer 32. 

The output circuit 91 is constituted by a rectified-current smoothing circuit comprising 

a diode 91a and a capacitor 91b. An anode of the diode 91a is connected to one end of the 

secondary winding 32b, and a cathode of the diode 91a is cormected to an output terminal 
10 OUTl, and to one electrode of the capacitor 91b. The other electrode of the capacitor 91b 

is connected to the oflier end of the secondary winding 32b, and to an output terminal OUT2. 

The output terminals OUTl, and OUT2 output a DC output voltage Vout generated by the 

output circuit 91 to a load (not shown). 

The detection circuit 100 comprises resistors 101 and 102 which are serially connected 
15 between the output terminal OUTl and the output terminal OUT2, an error amplifier 103, a 

light emitting element 104 constituted by a light emitting diode, etc., a resistor lOS, a Zener 

diode 106, and an NPN type transistor 107. 

A connection point of the resistor 101 and the resistor 102 is connected to an input 

terminal of the error amplifier 103. The error amplifier 103 amplifies a difference between 
20 a reference voltage (not shown) and a voltage generated by the resistors 101 and 102,. One 

end of the light emitting element 104 is connected to an output terminal of the error 

amplifier 103. The light emitting element 104 constitutes a photo coupler together with the 

light receiving element 85. The resistor 105 is cormected between the other end of the light 

emitting element 104 and the output terminal OUTl . 
25 Further, a cathode of the Zener diode 106 is connected to the output terminal of the 

error amplifier 103, and an anode of the Zener diode 106 is cormected to a collector of the 
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NPN type transistor 107. An emitter of the transistor 107 is connected to the output 
terminal OUT2. A standby signal SB is input to a base of the transistor 107. 

Next, an operation of the DC power source apparatus of FIG. 1 will be explained with 
reference to FIGS. 4 (a) to (c), and FIGS. 5 (a) to (g). FIGS. 4 (a) to (c) are waveform 
5 charts for explaining an operation of the starting circuit 40 shown in FIG. 2. FIGS. 5 (a) to 
(g) are waveform charts for explaining an operation of the oscillation circuit 60 shown in 
FIG. 3. 

In the normal mode, i.e., in a state where a standby signal SB is not supplied, the base 
of the transistor 107 is at "L". In this normal mode when an input voltage Vin is applied to 
10 the input terminal INI, the capacitor 33 is charged with electricity via the starting resistor 31. 
The speed at which the capacitor 33 is charged depends upon the product of the resistance 
value of the starting resistor 31 and the capacitance of the capacitor 33, i.e., depends upon a 
time constant. 

When charging of the capacitor 33 goes on, and the voltage of the connection point 
15 (node Nl) of the capacitor 33 and the starting resistor 31 becomes higher and finally reaches 
Vcconi as shown in FIG. 4(a), the comparator 41 of the starting circuit 40 determines that the 
voltage of the node Nl reaches the reference voltage VcConi supplied from the power source 
44 by comparing it with Vcconu and outputs "H". Due to this, an output signal of the OR 
gate 48 is switched to "H", and the RS-FF 49 is set When set, the RS-FF 49 outputs "H" 
20 from the output terminal Q. 

When the RS-FF 49 outputs "H", the base of the transistor 51 is driven to be "H", 
thereby the transistor 51 is switched on. When switched on, the transistor 51 outputs a 
voltage Vreg which is almost equal to a Zener voltage of the Zener diode 52 from its emitter 
as shown in FIG. 4(b) and supplies it to the oscillation circuit 60. . As a result, power supply 
25 to the oscillation circuit 60 is started. 

When the voltage Vreg is applied to the oscillation circuit 60 (see FIG. 5(a)), and 
thereby electricity is supplied thereto, the RS-FF 73 is initialized into the reset state. When 
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reset, the RS-FF 73 outputs "L" from the positive phase output terminal (Q), and outputs 
"H" from the negative phase output terminal (Q). When the negative phase output terminal 
(Q) outputs "H", the gate of the NMOS 34 is driven to be "IT', thereby the NMOS 34 is 
switched on. The capacitor 65 discharges via the diode 66, and the voltage of the node N2 
5 becomes almost zero. 

In the meantime, the resistors 62 and 70 divide the voltage input from the transistor 51, 
and generate a voltage VI. Then, when a current II which corresponds to a later-described 
feedback signal FB flows through the transistor 64 (see FIG. 5(b)), a current having almost 
the same intensity as that of the current II flows through the transistor 63, and charges the 

10 capacitor 69. When the capacitor 69 is charged and the voltage of the connection point 
(node N3) of the transistor 63 and the capacitor 69 reaches VI as shown in FIG. 5(c), the 
comparator 71 detects that the voltage of the node N3 reaches VI, and outputs "H" as shown 
in FIG. 5 (e). As a result, the RS-FF 73 is set 

When set, the RS-FF 73 outputs "H" from the positive phase output terminal (Q), and 

1 5 outputs "L*' from the negative phase output terminal ( 2 ) as shown in FIG. 5(g). Due to this, 
the NMOS 34 is switched off Further, the transistor 68 is turned on, the capacitor 69 
discharges, and the voltage of the node N3 becomes almost zero. 

Afterwards, the constant current source 61 charges the capacitor 65. When the 
capacitor 65 is charged and the voltage of the connection point (node N2) of the capacitor 65 

20 and the constant current source 61 reaches the voltage VI as shown in FIG. 5 (d), the 
comparator 72 detects that the voltage of the node N2 reaches the voltage VI, and outputs 
"H" as shown in FIG. 5(f). As a result, the RS-RR 73 is reset. When the RS-FF 73 is reset, 
the NMOS 34 is turned on again. Thereafter, the same operation is repeated, and the 
NMOS 34 is turned on and off repeatedly. 

25 When the current flowing through the transistor 64 changes, for example, the intensity 

of the current increases, the time required for charging the capacitor 69 is shortened, and the 
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NMOS 34 is switched off earlier. By this control, the DC output voltage Vout is kept at a 
constant value. 

The NMOS 34 flows a current through the primary winding 32a of the transformer 32 
when it is turned on, and cuts the current flowing through the primary winding 32a when it is 
5 turned off As a result, a voltage is generated in the secondary winding 32b and the tertiary 
winding 32c. The diode 91a which is connected to the secondary winding 32b rectifies the 
voltage supplied from the secondary winding 32b, and the capacitor 91b smoothes the 
rectified voltage and generates the DC output voltage Vout to be supplied to the load. The 
diode 35 which is cormected to the tertiary winding 32c rectifies the voltage supplied from 

10 the tertiary winding 32c, and the capacitor 33 is charged with the rectified voltage. 

The resistors 101 and 102 generate a voltage which is proportional to the DC output 
voltage Vout to the cormection point of them. The error amplifier 103 flows a current 
having an intensity substantially proportional to a difference between the voltage generated 
by the resistors 101 and 102 and the reference voltage (not shown) through the resistor 105 

15 and the light emitting element 104. As a result, the light emitting element 104 emits light. 
When the light emitting element 104 emits light, the light receiving element 85 receives this 
light, and flows a current having an intensity determined by the value of the DC output 
voltage Vout, i.e., the feedback signal FB. 

As a result, a current having an intensity proportional to the feedback signal FB flows 

20 through the transistors 83 and 86. Then, the current II having an intensity proportional to 
the feedback signal FB flows through the transistor 87 and the transistor 64 in the oscillation 
circuit 60. 

When a standby signal SB which is at "H" is input to the base of the transistor 107, the 
DC power source apparatus changes to a standby mode. 
25 For example, when a standby signal SB is input at a time tl shown in FIGS. 4 and 5, 

the transistor 107 is turned on. When the transistor 107 is turned on, the 21ener diode 106 
reaches breakdown, and the voltage of the output terminal of the error amplifier 103 
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becomes almost equal to the breakdown voltage of the Zener diode 106. Due to this, the 
intensity of a current flowing through the light emitting element 104 is locked, and the light 
emitting element 104 emits light having an intensity corresponding to the intensity of the 
current The light receiving element 85 receives the light emitted by the light emitting 
5 element 104, and flows a feedback signal FB representing the intensity of the received light 
through the transistor 82. This feedback signal FB has an intensity indicating that a standby 
signal SB has been input. 

In the standby mode, a current having an intensity proportional to the intensity of the 
feedback signal FB indicating that a standby signal SB has been input flows through the 

10 transistor 63 of the oscillation circuit 60, and charges the capacitor 69. And a current 
having an intensity proportional to the intensity of this feedback signal FB flows through the 
transistor 84. As a result, the voltage of the noninverting input terminal (+) of the 
comparator 89 rises, and the comparator 89 outputs "H" as a signal and supplies it to the 
AND gate 47 of the starting circuit 40. This signal output from the comparator 89 is a 

1 5 determination signal representing that the standby mode is set (see FIG. 4(c)). 

If the DC power source apparatus is set to the standby mode at the time tl, the amount 
of the current II flowing through the transistor 64 becomes larger after the time tl than when 
the DC power source apparatus is set to the normal mode where no standby signal SB is 
input. Therefore, as shown in FIG. 5(c), the speed at which the capacitor 69 is charged 

20 becomes higher, and thus the speed at which die voltage of the node N3 rises becomes 
higher, the timing at which the RS-FF 73 is set comes earlier, and the period of time during 
which the NMOS 34 is on becomes shorter. As a result, the amount of a charging current to 
be supplied to the capacitor 33 from the tertiary winding 32c is reduced, and the charging 
voltage of the capacitor 33 which supplies electricity to the oscillation circuit 60 via the 

25 transistor 51 falls. Accordingly, the voltage of the node Nl falls gradually, as shown in FIG. 
4(a). 
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When the voltage of the node Nl falls and further falls below the voltage Vccofr 
generated by the power source 45, the comparator 42 outputs "H" and the RS-FF 49 is reset. 
When reset, the RS-FF 49 outputs "L" from the output terminal (Q), and tums off the 
transistor 51. As a result, power supply to the oscillation circuit 60 is stopped as shown in 
5 FIG. 4(b). While the power supply is stopped, the oscillation circuit 60 does not turn on or 
off the NMOS 34. 

Since the capacitor 33 is supplied with a charging current from an external power 
source via the starting resistor 31 even while electricity is not supplied to the oscillation 
circuit 60, it is charged. 

10 In the standby mode, the comparator 89 outputs "H", and this "H" is suppHed to the 

other input terminal of the AND gate 47. When the capacitor 33 is charged via the starting 
resistor 31 and the voltage of the node Nl reaches the voltage VcCon2 corresponding to the 
voltage of the power source 46, the comparator 43 outputs "H". When the comparator 43 
outputs "H", the output terminal of the AND gate 47 is switched to "H", and an output signal 

1 5 from the OR gate 48 becomes "H". 

When the output signal from the OR gate 48 becomes "H", the RS-FF 49 is set and the 
transistor 51 is turned on. When the transistor 51 is turned on, electricity is supplied to the 
oscillation circuit 60 again, and the NMOS 34 is turned on and off by the oscillation circuit 
60. During the period of time in which the standby signal SB is input, the above described 

20 operation is repeated, and the DC output voltage Vout to be supplied to the load becomes 
lower than that of the normal mode. 

Next, effects of the DC power source apparatus according to the present embodiment 
will be explained. FIGS. 6 (a) to (d) are waveform charts showing changes of the DC 
output voltage. 

25 In the normal mode, the voltage of the node Nl does not become equal to or lower than 

VcCofF, and the DC output voltage Vout is controlled to be the voltage Vouti, and thus 
becomes constant. 
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Contrarily, when the standby signal SB which is at "H" is input as shown in FIG. 6(c), 
the voltage of the node Nl lowers and reaches Vccoff as shown in FIG. 6(a), and the DC 
output voltage Vout also lowers as shown in FIG. 6(d). However, when the capacitor 33 is 
charged by the starting resistor 31 and the voltage of the node Nl reaches VcCon2, the RS-FF 
5 49 is set, and the power supply to the oscillation circuit 60 is resumed (see FIG. 6(b)). Due 
to this, the NMOS 34 resumes repeatedly being on and off, and thus the DC output voltage 
Vout rises. 

A time period T2 required for the voltage of the node Nl to change from Vccofr to 
VcCon2 is shorter than a time period Tl required for the voltage of the node Nl to change 
10 from VcCoff to VcConi. Therefore, when compared to a configuration where the NMOS 34 
resumes being turned on and off when the voltage of the node Nl reaches Vcconb the DC 
output voltage Vout falls less frequently, and fluctuation of the DC output voltage Vout in 
the standby mode is reduced more. 

Second Embodiment 

1 5 The DC power source apparatus according to the first embodiment is an example of an 

isolation type DC power source apparatus employing a transformer. However, the present 
invention can be applied to a non-isolation type DC power source apparatus. Non-isolation 
type DC power source apparatuses include several types such as a step-up converter type, a 
step-down converter type, a polarity inverting type, etc. With any type, if it has a normal 

20 mode and a standby mode where the output voltage becomes lower than the normal mode, it 
is possible to reduce fluctuation of the DC output voltage in the standby mode by applying 
the present invention. The following will explain a second embodiment of the present 
invention where the present invention is applied to a non-isolation type DC power source 
apparatus. 

25 FIG. 7 is a diagram showing a structure of a DC power source apparatus according to 

the second embodiment of the present invention. In FIG. 7, elements same as those in FIG. 
1 are denoted by the same reference numerals. 
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The step-up converter type DC power source apparatus shown in FIG. 7 comprises a 
coil 111 for storing energy instead of the transformer 32, an auxiliary coil 112 which is 
inductively coupled to the coil 111, and a diode 113. Further, this DC power source 
apparatus comprises a starting resistor 31, an NMOS 34, a capacitor 33, a starting circuit 40, 
S an oscillation circuit 60, a determination circuit 80, an output circuit 91, and a detection 
circuit 100 which are substantially the same as those of the first embodiment. 

One end of the coil 1 1 1 is connected to the input terminal INI, and the other end of the 
coil 111 is coimected to the drain of the NMOS 34, and to anode of the diode 91a of the 
output circuit 91. One end of the auxiliary coil 1 12 is connected to the input terminal rN2. 

10 The other end of the auxiliary coil 112 is connected to an anode of the diode 113, and a 
cathode of the diode 113 is connected to the node Nl. The output terminal OUT2 is 
connected to the input terminal IN2. Other connections are the same as those in FIG. 1 . 

In the DC power source apparatus shown in FIG. 7, energy is stored in the coil 111 
when the NMOS 34 is on, and a current derived from this energy and a power source current 

15 flow through the diode 91a when the NMOS 34 is off. As a result, a DC output voltage 
Vout which is higher than an input voltage is generated. A current caused in the auxiliary 
coil 112 is rectified by the diode 113, and supplied to the node Nl. The capacitor 33 is 
charged with this current. The capacitor 33, the starting circuit 40, the oscillation circuit 60, 
the determination circuit 80, the output circuit 91, and the detection circuit 100 work 

20 substantially in the same way as that explained in FIG. 1 . 

In the DC power source apparatus shown in FIG. 7 too, in the normal mode, the DC 
output voltage Vout is controlled to be a constant value. On the other hand, in a case where 
a standby signal SB is input, the voltage of the node Nl lowers to Vccoff, and the DC output 
voltage Vout lowers. Then, when the voltage of the node Nl reaches Vccon2, power supply 

25 to the oscillation circuit 60 is resumed, thereby to resume repetition of turning on and off of 
the NMOS 34. Therefore, the DC output voltage Vout rises. 
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Further, in the DC power source apparatus shown in FIG. 7 too, a time period T2 
required for the voltage of the node Nl to change from VcCofr to VcCon2 is shorter than a time 
period Tl required for the voltage of the node Nl to change from Vccoff to VcConi. 
Accordingly, when compared to a configuration where the NMOS 34 resumes being turned 
5 on and off when the voltage of the node Nl reaches Vcconu the DC output voltage Vout falls 
less frequently, and fluctuation of the DC output voltage Vout in the standby mode is 
reduced more. 

The present invention is not limited to the above described embodiments, but can be 
variously modified. As examples of modification, the foUowings are possible. 
10 (1) The DC power source apparatus according to the first and second embodiments 

comprises the detection circuit 100, in order to accurately keep the DC output voltage Vout 
constant. However, the present invention can be applied to a DC power source apparatus 
which does not have a structure for feed-backing information representing a DC output 
voltage. 

15 (2) In the DC power source apparatus according to the first and second 

embodiments, the determination circuit 80 determines whether or not a standby signal SB is 
input, using a feedback signal FB. However, the standby signal SB may be directly input to 
the AND gate 47 of the starting circuit 40. With this structure, the determination circuit 80 
can be omitted. 

20 As described above, according to the present invention, it is possible to reduce 

fluctuation of the DC output voltage even in the standby mode. 

Various embodiments and changes may be made thereunto without departing from the 
broad spirit and scope of the invention. The above-described embodiments are intended to 
illustrate the present invention, not to limit the scope of the present invention. The scope of 

25 the present invention is shown by the attached claims rather than the embodiments. Various 
modifications made within the meaning of an equivalent of the claims of the invention and 
within the claims are to be regarded to be in the scope of the present invention. 



22 

This patent application claims the Paris Convention Priority based on Japanese Patent 
Application No. 2002-4490 filed widi the Japan Patent Office on January 11, 2002, the 
complete disclosure of which is hereby incorporated by reference. 
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Industrial Applicability 
The present invention relates to a power source apparatus such as a DC-DC converter, 
which is applied to electrical/electronic equipment. 



